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548a Tuesday, February 28, 2012a complete removal of ATP, raising the possibility that gating motion in the
TMDs of modified L102C channels is independent of that in their NBDs. Fi-
nally, MTSET modification of L102C is state-dependent, meaning that
L102C-cysless-CFTR channels do not respond to the treatment of MTSET in
the absence of ATP. These findings suggest that either position 102 moves dur-
ing gating or gating motion in other regions of CFTR alters its reactivity to-
wards MTSET. Overall, our preliminary data reveal several interesting yet
enigmatic aspects of TM1 that call for further studies.
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Cystic fibrosis transmembrane conductance regulator (CFTR) carries 6 extra-
cellular loops (ECL1-6). ECL4 bears N-linked oligosaccharide chains while
the functions of other ECLs remain unknown. Few charged amino acids of
ECL1 have been identified as sites of CF disease mutation, including R117C/
G/P/H/L, D110H/Y/N/E, and E116K/Q. It was reported that D110H-,
E116K-, and R117C/L/P-CFTR possibly impair channel stability but not
R117H. We asked whether these amino acids are directly involved in ion con-
duction and permeation of CFTR or contribute to stabilizing the outer vestibule
architecture. We used cRNA injected oocytes combined with electrophysiolog-
ical technique to probe the possible function of these amino acids. We found
that: (1) Mutants R117A-, D110R-, and E116R-CFTR exhibited multiple
open states with significantly shortened burst duration compared with WT-
CFTR, while charge-retaining mutants R117K-, D110E-, and E116D-CFTR
showed mainly the full open state which rescued the open burst duration similar
to WT-CFTR; (2) R117A-, D110R-, and E116R-CFTR unlike WT-CFTR
failed to be locked into the open state by AMP-PNP; (3) The function of
R117C-, D110C-, and E116C-CFTR were not modified by extracellular
MTSES- or MTSETþ; (4) R117C-, D110C-, and E116C-CFTR were weakly
blocked by GlyH-101 compared to WT-CFTR, while GlyH-101 strongly
blocked T338A- and R352A-CFTR and completely lost its effect on R334C-
and R334A-CFTR. R334, T338, and R352 are amino acids in TM6 which is
the most important TM that determines ion permeation in CFTR. The data so
far suggest that: (1) R117, D110, and E116 are not involved in ion conduction
and permeation of CFTR directly; (2) The three charged amino acids contribute
to stabilizing the CFTR channel pore; (3) The three charged amino acids prob-
ably interact with their partners to help maintain CFTR’s outer vestibule archi-
tecture. (NIH-R01-DK056481).
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The Cystic Fibrosis Transmembrane conductance Regulator (CFTR) chloride
channel plays an important role in salt and water transport across epithelia
and defective function due to mutations in the CFTR gene cause cystic fibrosis
(CF). Numerous small molecules have been shown to increase the activity of
CFTR mutants presumably by binding to the CFTR protein. Among the
many CFTR potentiators, genistein is perhaps the most extensively studied. Re-
cently a component of the spice turmeric, curcumin was reported to strongly
activate wild type and mutated CFTR including F508del and G551Dmutations.
Recently we found that genistein and curcumin have a synergistic effect in the
potentiation of G551D-CFTR (Yu, Miki et al. J Cystic Fibrosis 10: 243 - 252,
2011). However, the mechanism through which these compounds increase the
CFTR activity is still unclear.
To study the mechanisms of genistein and curcumin, we investigated the effects
of genistein and curcumin on the non ATP-hydrolytic CFTRmutants, K1250A-
and E1371S- CFTR, expressed in CHO cells using whole-cell clamp technique.
The reflect to the single channel currents. Because of their open probability
close to 1, the whole-cell currents are thought to reflect the amplitude of their
single channel currents.
Curcumin did not significantly affect the whole-cell currents obtained from
CHO cells expressing K1250A- or E1371 S-CFTR whereas genistein induced
a voltage-dependent block on them. Interestingly a combined application of
genistein and curcumin induced a voltage-independent reversible reduction
in K1250A- or E1371A-CFTR whole-cell currents. This current reduction
seemed to be mainly induced by the genistein and curcumin accessing to
CFTR proteins from the external side.2788-Pos Board B558
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A prevalent model holds that ABC transporter function involves an ATP-driven
conformational cycle in which ATP hydrolysis dissociates a tight dimer of nu-
cleotide binding domains (NBDs), so propelling the transmembrane domain
(TMD) conformation from outward to inward facing. Detailed characterization
of these TMD events lags behind those in the NBDs because the TMDs are
structurally diverse and more refractory to structural analysis. Recently we de-
veloped a bioinformatic approach that predicts evolutionarily conserved inter-
actions between pairs of sequence positions. Like other approaches, ours
gauges how, at each position, amino acid variation across aligned homologous
sequences correlates with that at any other position. Distinctively, our approach
exploits structural input to optimize performance through a side-chain contact
prediction test. We applied this approach separately to the ABCB and ABCC
subfamilies (represented by Pgp and CFTR) that are clearly, albeit distantly,
homologous for all domains. Their TMD dimers contain 2x6 transmembrane
helices in distinct bundles: two ‘wings’ at the extracellular side and two pairs
of intracellular ‘loop’ (ICL) extensions. Comparing inward to outward facing
structures suggests that rigid body motions of these bundles underlie transport
mechanism. In our bioinformatic analysis, the precise pattern of predicted po-
sition pairs differed between subfamilies, alluding to their deep evolutionary
segregation. But some general patterns were shared: pairs separated by one he-
lical turn, and those between helices of the same bundle, were frequently pre-
dicted and may provide stability and rigidity to bundles throughout the
transport cycle. On the other hand, a few predicted pairs between bundles ex-
hibited strikingly different spatial separation in opposing conformations, such
as Q179-V260 (ICL1-ICL2), separated by 5.7 Angstroms in CFTR modeled
in the outward conformation but 16.1 Angstroms in the inward conformation.
Thus, this approach provides detailed evolutionary and mechanistic insights
into large classes of ABC exporters. [DK51767].
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The gating of ClC-2 Cl- channel is facilitated by elevated [Hþ]e and [Cl
-]i by
interacting with the protopore gate whilst [Cl-]e had not effect. In contrast, the
gating of ClC-0 Cl- channel is facilitated by protonation of the protopore gate
by intracellular [Hþ]i in a manner that is dependent on the extracellular [Cl
-]e.
To gain insights into the Vm dependent mechanism of ClC-2 expressed in
HEK cells, we determine the Vm-dependence of open probability (PA(Vm)) at
different [Hþ]i, [H
þ]e and [Cl
-]i using the patch clamp technique. Changing
[Hþ]i by 5 orders of magnitude whilst [Cl
-]i/[Cl
-]e=140/140 or 10/140 mM did
not altered the onset kinetics but channel closing became faster at acidic pHi
andPA(Vm) curveswere shifted towardsmore negativeVm.These results suggest
that [Hþ]i did not facilitated gating. In contrast, a same change in [H
þ]o with
[Cl-]i/[Cl
-]e=140/140 mM enhanced PA in a bi-phasic manner and shifted
PA(Vm) curves to positive Vm. Importantly, PA was >0 with [H
þ]o=10
10 M
and channel closed more slowly when [Hþ]o or [Cl
-]i increased. This implied
that ClC-2 can be gated without protonation and that external Hþ and/or internal
Cl- stabilized the open state. A kinetic analysis of Cl- currents and PA(Vm) curves
at different [Hþ]o and [Cl
-]i using a gating scheme coupled to Cl
- permeation in-
dicated that protonation of the protopore gate has negligible Vm- and Cl
--depen-
dence and that the rate constant for closed-open transition of un-protonated
channels were facilitated by elevated [Cl-]i in a Vm-dependent manner. We pro-
pose that themajority of theVm-dependence is due to aVm-dependent occupancy
of ClC-2 pore by the permeant Cl- and that the open conformation is stabilized by
a Vm-independent protonation and the Cl
- occupancy. Supported by CONACyT.
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The human chloride channels ClC-Ka/Kb, as their murine orthologues ClC-K1/
K2, are expressed in kidney and inner ear epithelia where they are involved in
NaCl reabsorption and endolymph production, respectively. Mutations in ClC-
Kb and barttin, an essential CLC-K channel beta subunit, lead to Bartter syn-
drome. Recently we identified the external residue H497 responsible for block
of ClC-Ka at acid pH (Gradogna et al. 2010. J Gen Physiol 136:311). Now we
Tuesday, February 28, 2012 549ashow that CLC-K channels are also inhibited at basic pH with almost complete
block at pH 11. Based on the structure of a bacterial homologue, we mutated all
external, basic, titratable residues of ClC-Ka (Arg, Lys, His, Cys, Tyr) and
identified K165, a highly conserved residue in the extracellular vestibule of
the channel, as the only candidate to be responsible for basic pH modulation.
Among the mutants K165A, K165C, K165H, K165Q, and K165R, only
K165R yielded (small) currents, with a weakened sensitivity to basic pH. We
obtained functional recovery of K165C by reaction with the positively charged
MTSEA reagent. Reversed voltage dependence of the alkaline pH effect on
MTSEA-modified K165C channels compared to WT, supported the involve-
ment of K165 in the pH modulation. The homologue K165C mutant of rat
ClC-K1 yielded currents which were less sensitive to basic pH than WT
CLC-K1 and MTSEA-modified CLC-K1-K165C channels recovered the WT
sensitivity to basic pH, confirming that block of CLC-K channels at alkaline
pH is mediated by the deprotonation of the pore lysine K165.
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Among prokaryotes, CLC-type Cl- channels and transporters are phylogeneti-
cally abundant but functionally obscure. Enteric bacteria such as E. coli are
known to use CLCs in extreme acid resistance, but many bacteria have several
CLC genes from far-flung branches of the phylogenetic tree. We have been
studying an evolutionarily distant CLC subclass that in sequence alignments
lacks the canonical, mechanistically crucial central serine, which coordinates
the central Cl- ion in E. coli CLC-ec1 and other well-studied homologues.
The protein-level function of these ‘‘strange’’ CLCs, whose genes have re-
cently been shown to be specifically upregulated by F- ion (J.L. Baker et al.,
in press), is unknown. Here we describe the overexpression, purification, and
functional reconstitution of several CLC homologues that appear to protect di-
verse bacterial species from F- toxicity. These ‘‘fluoride-CLCs’’ catalyze robust
F- transport in liposomes, as assayed by osmotic responses, F-/Cl- exchange,
planar bilayer recording, and 19F-NMR.We are currently carrying out a detailed
characterization of one of these homologues, CLC-ps from the plant pathogen
Pseudomonas syringae, including quaternary architecture, anion selectivity,
transport rate and mechanism, and the presence or absence of Hþ coupling.
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The transgenicmouseHSALR has been proposed as amodel formyotonic dystro-
phy type 1, capable of recapitulating the human pathology, including the loss of
chloride currents (ICl). Since the structural organization of the transverse tubular
system (TTS) is not completed until ~3 weeks after birth, and the functional ex-
pressionofClC-1 channelsmaydepend on this,wewanted to investigatewhether
the reduction of ICl in HSA
LR animals, compared to that in normal controls,
changeswith age. To this end,we performed a longitudinal study of the evolution
of ICl and TTS voltage transients (using the potentiometric dye di-8-ANEPPS) in
fibers from 2, 3, 4, 16 and 26 weeks old animals. ICl and optical signals were si-
multaneously acquired in fibers under voltage-clamp conditions using a 3-pulse
protocol and a 2-microelectrode system. Thefiberswere bathed in 156mMTEA-
Cl and internally equilibratedwith 70mMCl. The characteristics of ICl, and their
effects on di-8-ANEPPS transients, were predicted using a radial cable model of
the TTS. Our results show that, whereas fibers from 2-week oldHSALRmice dis-
played peak ICl (for a120mV pulse) of110550 mA/cm2 (n=8), their control
counterparts’ were510580 mA/cm2 (n=6). Furthermore, the magnitude of ICl
increases with age in both animal strains, and by 16 weeks they reach similar
levels (>750 mA/cm2). Thus, a reduction in ICl is significant in very young
HSALR specimens, but not apparent in mature animals. We also verified that in
HSALR animals the gain in total ICl with age is accompanied by the expression
of functional ClC-1 channels in the TTS system. This work was supported by
NIH grants AR047664, AR041802, and AR054816. HSALR mice were kindly
provided by Dr. C. Thornton, University of Rochester.
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Nashville, TN, USA.Migration of vascular smooth muscle cells (VSMC) into neointima contributes
to hypertension, atherosclerosis, and restenosis. Cell migration requires co-
ordinated plasmalemmal fluxes of water and ions. Here, we show that regula-
tion of transmembrane Cl- flux significantly impacts the migration of VSMC.
Gene disruption of ClC-3, a Cl- channel/transporter, halved the rate of cell mi-
gration in transwell assays. Functional regulation of plasmalemmal Cl- current
by ClC-3 was studied by electrophysiological recordings. Raising intracellular
[Ca2þ] from zero to 0.5 mM in wild-type cells stimulated a Cl- current (ICl.Ca)
that was reduced approximately 40% upon CaMKII inhibition by 100 mMKN-
93, or by application of 10 mM inositol-3,4,5,6-tetrakisphosphate, a cellular sig-
nal that specifically prevents CaMKII from activating ICl.Ca. Thus, ICl.Ca com-
prises two components, one directly activated by Ca2þ, and another that
requires CaMKII. ICl.Ca was 50% smaller in ClC-3 null cells compared to
wild-type VSMC; neither KN-93 nor inositol-3,4,5,6-tetrakisphosphate af-
fected ICl.Ca in ClC-3 null VSMC. Thus, the CaMKII-mediated component of
ICl.Ca in VSMC is dependent upon ClC-3. Both Ca
2þ-dependent and
CaMKII-dependent forms of ICl.Ca were strongly inhibited by niflumic acid,
a Cl- channel blocker, but, significantly, that drug only inhibited migration of
wild-type and not ClC-3 null VSMC. Moreover, a cell-permeant, bio-activat-
able analogue of inositol-3,4,5,6-tetrakisphosphate inhibited migration in
wild-type, but not ClC-3 null cells. Our work describes for the first time a spe-
cific role of ClC-3 in VSMC migration, thereby revealing new therapeutic di-
rections in vascular remodeling diseases.
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A decrease in resting chloride channel conductance (gCl) occurs in dystrophin-
deficient myofibers of mdx mouse as a consequence of both spontaneous de-
generation, as in diaphragm (DIA), or exercise-induced damage as in fast-
twitch EDL muscle (De Luca et al., J. Pharmacol. Exp. Ther. 2003). Alterations
in gCl, in parallel with markers of inflammation, can be contrasted by small res-
toration in dystrophin expression (De Luca et al., Neurobiol Dis, 2008). We fo-
cused on the molecular mechanisms underlying gCl impairment and its relation
to primary defect. Preliminary qRT-PCR experiments showed a 30-35% reduc-
tion of CLC-1 mRNA in both DIA and EDL muscles of mdx mice, irrespective
to exercise regimen. The reduction was consistent with the impairment of gCl
detected in concomitant electrophysiological experiments in DIA and EDLmy-
ofibers; however the selective alteration of gCl in exercised mdx EDL muscle
remained unexplained. Further experiments are ongoing to evaluate the possi-
ble outcome of pathology and mechanical stress on CLC-1 channel protein
level and on the expression of other chloride channel types. Recent results
showed that in vivo inhibition of angiotensin (Ang)-II contrasts the decrease
in gCl in mdx EDL muscle, disclosing a possible role of this pro-
inflammatory and pro-oxidative mediator in chloride channel function (Cozzoli
et al., Pharmacol Res 2011). The application of Ang-II to wt EDL fibers re-
duced gCl in a concentration-dependent manner, with a half-maximal concen-
tration of 67nM. The effect was inhibited by the AT1-receptor antagonist
losartan, as well as by the PKC-inhibitor chelerythrine, the antioxidant N-ace-
tyl-cysteine and the inhibitor of NADPH-oxidase apocynin. The results demon-
strate that CLC-1 channel expression is affected in dystrophinopathies and that
further modulation of gCl is related to inflammation and oxidative stress in
skeletal muscle.
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Best macular dystrophy (BMD) is an autosomal dominant form of macular de-
generation, linked to mutations in the BEST1 gene that encodes the calcium ac-
tivated chloride channel, bestrophin-1. BEST1 belongs to the bestrophin family
of anion channels. It is a 585 amino acid transmembrane protein localized to the
basolateral membrane of the retinal pigment epithelium (RPE). Structurally,
BEST1 has been suggested to have 4 transmembrane segments, with intracel-
lular N and C termini. The stoichiometry of BEST1 is not clear, having been
suggested to be dimers in hydrodynamic studies of porcine BEST1 in
TritonX-100 and tetramers or pentamers in coimmunoprecipitation studies of
human BEST1 (hBEST1). In this study, we employed our single molecule
method to determine subunit number by counting the number of fluorescence
bleaching steps of eGFP tagged hBEST1. The advantage of this method is
that the counting can be done on the cell surface of live cells (Xenopus oocytes
